The existence of facial aftereffects suggests that shape-selective mechanisms at the higher stages of visual object codingsimilarly to the early processing of low-level visual featuresare adaptively recalibrated. Our goal was to uncover the ERP correlates of shape-selective adaptation and to test whether it is also involved in the visual processing of human body parts. We found that prolonged adaptation to female hands -similarly to adaptation to female faces -biased the judgements about the subsequently presented hand test stimuli: they were perceived more masculine than in the control conditions. We also showed that these hand aftereffects are size and orientation invariant. However, no aftereffects were found when the adaptor and test stimuli belonged to different categories (i.e. face adaptor and hand test, or vice versa), suggesting that the underlying adaptation mechanisms are category-specific. In accordance with the behavioral results, both adaptation to faces and hands resulted in a strong and category-specific modulation -reduced amplitude and increased latency -of the N170 component of ERP responses. Our findings suggest that shape-selective adaptation is a general mechanism of visual object processing and its neural effects are primarily reflected in the N170 component of the ERP responses.
Introduction
Neural adaptation is a mechanism by which sensory processing is continuously recalibrated according to the statistics of the visual input. Under appropriate testing conditions adaptation can be revealed in the form of perceptual illusions, called aftereffects, e.g. motion aftereffect, when a stationary stimulus appears to move in the opposite direction to the motion that the observer was exposed to for a prolonged period [as noted in ancient times by Aristotle (Aristotle, 1955) ]. The existence of adaptation to basic low-level visual dimensions -i.e. motion, orientation, spatial frequency or texture (for review, see Anstis et al., 1988; Frisby, 1979; Durgin and Proffitt, 1996; Clifford, 2002) -has been known for a long time and the investigation of visual aftereffects provided crucial information about the mechanisms involved in the processing of specific visual attributes. However, it has been shown that adaptation is not an exclusive characteristic of the early stages of feature processing. Similarly to the aftereffects caused by adaptation to low-level visual features, prolonged exposure to a visual object -even if it is a complex object, such as a face or a carwill lead to visual aftereffects that are shape-selective and cannot be explained based on a combination of adaptation to low-level features (Kohler and Wallach, 1944; Webster and MacLin, 1999; Leopold et al., 2001; Webster et al., 2004; Fang and He, 2005) . Facial aftereffects were found to be to a large extent size (Zhao and Chubb, 2001, Rhodes et al., 2004; Anderson and Wilson, 2005) and position (Leopold et al., 2001 ) invariant, as well as not sensitive to the difference in the orientations of the adapting and test faces [say the adaptor is rotated by +45°and the test is by rotated by -45° (Rhodes et al., 2003) ]. These findings suggest that neural processes at the higher stages of visual processing -containing neurons with large receptive fields and selective for complex shape information of the faces -might also adapt. Whether shape-selective adaptation is a general property of the mechanisms of visual object coding and whether its mechanisms are similar in the case of different object categories are important questions waiting to be answered.
Neurophysiological research resulted in substantial progress towards uncovering the mechanisms of neural adaptation in recent years. It was found that in the early stages of cortical processing, adaptation leads to desensitization of the neurons selective for the basic low-level dimensions of the adapting stimulus (Movshon and Lennie, 1979; Petersen et al., 1985; Carandini and Ferster, 1997; Dragoi et al., 2000) . It has also been shown that adaptation can happen simultaneously at different stages/areas of cortical processing (for review, see Niedeggen and Wist, 1998) , and that the mechanisms of neural adaptation in the case of short (a few hundred milliseconds) and long (several seconds or more) adaptation might be different. For example, it appears that adaptation takes place in motion direction selective neurons of macaque area MT after short ( <500 ms; Priebe et al., 2002) but not after long (several seconds) exposure to their preferred motion direction (Kohn and Movshon, 2003) . Thus, taken together, the physiological results point to the conclusion that neural adaptation to basic visual dimensions is a complex process, which might include different adaptation mechanisms acting simultaneously at different stages of visual processing.
We know surprisingly little, however, about the mechanisms of neural adaptation underlying shape-specific aftereffects. To our knowledge there are no published results on the neural correlates of long-term adaptation (several s or more) to complex visual objects. This is because the related previous studies -including electrophysiological studies on animals (for review, see Ringo, 1996) , human neuroimaging (for review, see Henson, 2003) and ERP studies (Schweinberger et al., 1995 (Schweinberger et al., , 2002b Campanella et al., 2002; Henson et al., 2003; Werheid et al., 2005) -were testing how repeated short presentation ( < 1 s) of a specific image -rather than prolonged adaptation to it -affects the magnitude of neural responses to this stimulus in different visual cortical areas. The results of these studies provide converging evidence that -just as in the case of adaptation to low level visual attributes at the early visual areas -repeated exposure to the same object results in decreased neural responses in the cortical areas with neurons selective to complex shape properties of the visual objects.
However, although it has been shown that shape contrastwhich is a negative aftereffect for simple shape properties (i.e. convex or concave contours) -can be induced by short ( <1 s) adaptation (Suzuki and Cavanagh, 1998) , in all previous studies reporting shape-specific aftereffects, a prolonged adaptation period was used, lasting for several seconds or even for minutes. In fact, Leopold et al. (2001) reported that short adaptation failed to evoke identity specific facial adaptation. These, taken together with the physiological results showing differential neural adaptation mechanisms after short and long adaptation in motion visual processing (Priebe et al., 2002; Kohn and Movshon, 2003) , pose serious concerns regarding the possibility of making inferences about the neural mechanisms of shapespecific adaptation based on the physiological results obtained with short adaptation using repetition suppression paradigm.
The goals of the present study were the following. First, we aimed at investigating the ERP correlates of facial adaptation at the higher shape-selective stages of visual processing. ERP responses to faces -in addition to the early P100 componentare known to consist of a face-specific negative component (Bentin et al., 1996; Rossion et al., 1999; Itier and Taylor, 2004a) , the so-called N170, peaking at~140--200 ms over the lateral occipito-temporo-parietal regions, and its counterpart, the vertex positive peak (VPP; Jeffreys, 1989; Rossion et al., 1999) over fronto-central sites. They are believed to reflect the structural encoding of facial features. Based on the known fact that facial aftereffects are to a large extent invariant to changes of the low-level properties of the face stimuli (Leopold et al., 2001; Zhao and Chubb, 2001; Rhodes et al., 2003 Rhodes et al., , 2004 , we predicted that the neural effects of prolonged facial adaptation should be reflected primarily in the face-specific N170 and VPP components of the ERP responses.
Previous studies testing the effect of repetition of shortly presented faces on N170 led to somewhat conflicting results: while in most of the studies N170 was found to be insensitive to repeated presentation of the same faces (Schweinberger et al., 1995 (Schweinberger et al., , 2002b Henson et al., 2003; Werheid et al., 2005) , some studies show that stimulus repetition decreased the amplitude (Campanella et al., 2002; Itier and Taylor, 2002) as well as the latency of N170 (Itier and Taylor, 2002) .
Second, to investigate whether high-level shape-selective adaptation is a general mechanism of visual object coding, we tested whether prolonged adaptation to visual images of human hands can induce similar aftereffects as adaptation to faces. The relevant physiological results suggest that human faces and body parts might be processed by different neural networks. fMRI studies have shown that viewing body parts activate a specific region of the lateral occipito-temporal cortex, the so-called extrastriate body area (EBA; Downing et al., 2001) , and importantly, it was also found that brain regions activated by body parts do not overlap with those that specifically respond to faces (Downing et al., 2001; Peelen and Downing, 2005) . Moreover, it is known that the ERP evoked by human hand stimuli also consists of an N170 component (MouchetantRostaing et al., 2000) , providing us an opportunity to test whether neural adaptation effects in the case of faces and hands exhibit similar properties.
Third, we aimed at investigating the stimulus (category) specificity of the adaptation mechanisms at the higher stages of visual object processing. For this, we tested whether adaptation has any cross-category effects, by using different object categories during adaptation and testing, e.g. adapt with a face and the test stimulus is a hand, or vice versa.
Materials and Methods

Subjects
Twelve naive, healthy volunteers (four female) participated in the study (age range: 16--27 years, mean 23 years). They all had normal or corrected-to normal vision, no previous history of any neurological or ophthalmologic diseases and were not under medication. The procedures were approved by the Ethical Committee of the Budapest University of Technology and Economics.
Stimuli
Face stimuli were grey-scale full-front digital images of six young males and six young females (chosen from a larger face database of our laboratory). Faces had no obvious gender-specific features, such as facial hair, jewelers, glasses or make-up. They were fit behind an oval mask (fit into a square of 400 3 400 pixels, 7.3°) eliminating the outer contours of the faces (see a sample image in Fig. 1 ).
Hand stimuli were greyscale digital images of six male and six female upright hands (see a sample image in Fig. 1 ). They were matched in size and orientation.
The luminance of the stimuli was subjectively equated (mean for faces is 1.17 and 2.1 cd/m 2 for hands). These pre-processed images were then set into pairs of male and female faces or hands and were entered into a morphing algorithm (Winmorph 3.1), using landmark based morphing. One hundred faces were created gradually along the female--male axis between each pairs of the specific face and hand stimuli. From each morphed series six images were chosencorresponding to 80/20%, 70/30%, 60/40%, 40/60%, 30/70% and 20% female/80% male images -and used as test images in the experiments. We used three different stimuli as adaptors. A typical female face (Face) was chosen as face adaptor (luminance 1.1 cd/m 2 ); a typical female hand was used as hand adaptor (Hand, luminance 1.8 cd/m 2 ). Finally, the Fourier phase randomized versions of the adaptors were used as controls (Control). These were created by an algorithm (Nasanen, 1999) that replaces the phase spectrum with random values (ranging from 0 to 360°), leaving the amplitude spectrum of the image intact, while removing any shape information.
Task, Procedure
Stimuli were presented centrally (on a 17$ monitor, 1024 3 768 pixel resolution, 75 Hz vertical refresh rate; with a viewing distance of 70 cm) on a uniform grey background (luminance 1.3 cd/m 2 ). Control, Face and Hand conditions with face or hand test stimuli were given in separate blocks. Block order was randomized across subjects. All software was written in MATLAB 6.5. (Mathworks Inc.) using Psychtoolbox 2.45 for Windows.
Subjects were tested in a dimly lit room (average background luminance <1 cd/m 2 ). They were instructed to fixate a spot in the center of the monitor and to perform a two-alternative forced choice gender discrimination task by pressing left mouse button when the face was perceived as a female and right button for male faces. Various stimulus values were presented according to a method of constant stimuli. In each trial ( Fig. 1) , after a random interval (randomized between 500 and 700 ms), the adaptor was presented for 5000 ms, followed by a 200 ms gap, and finally the test face or hand stimulus, presented for 200 ms.
Within a block each test stimulus was presented six times. Altogether ERPs were recorded for 70--80 min. During the experiments subjects were asked to refrain from movements and blinking.
Electrophysiological Recordings
ERPs were recorded via 23 Ag/AgCl electrodes placed according to the 10/20 system with the left earlobe as ground and nasion as the reference lead. Impedances were kept below 5 kX. The sampling rate was 1024 Hz. EEG was segmented offline (using BrainVision Analyser (Brain Products GmbH)), into 1100 ms long trials, using a 100 ms prestimulus interval. Trials containing blinks, movements, A/D saturation or EEG baseline drift were rejected on the basis of visual inspection of each recording by semi-automatic artifact detection. ERPs were averaged separately for each subject, condition and channel. Averages were then digitally filtered (0.1--70 Hz) with a zero phase shift digital filter and average re-referencing was calculated.
ERP Analyses
Analyses of ERP waves included the amplitude and latency of three major components: (1) P100, defined as a main positive deflection at 110 ms, (2) the N170 negative component and (3) the vertex positive peak (VPP), measured at~170 ms. For the P100 and N170 components, the parietal and occipital sites, corresponding to P7, P8, O1 and O2 electrode positions, were used, while VPP was measured at Cz. These electrode positions were selected on the basis of face-selective effects in previous studies (Eimer, 2000; Rossion et al., 2000) .
After averaging, the individual peak amplitudes were measured for each subject and each condition using a ±30 ms window, centred on the maximum of the grand average. The latencies of the ERP components were measured at the site of the peak amplitude. The magnitude of adaptation effects was determined by comparing the ERP responses found in the main adaptation conditions to those found in the control condition. Both amplitude and latency values were entered into a three-way repeated measures analysis of variance (ANOVA) with adaptor type (2, Control and Face or Hand), hemisphere (2) and electrode (2) as withinsubject factors (except for VPP). To test if Face and Hand had different adaptation effects on face and hand test stimuli, we carried out a fourway ANOVA with electrode (2), hemisphere (2), adaptation (2) and stimulus (2) as within-subject factors. All analyses involved Greenhouse--Geisser adjusted degrees of freedom for correction for non-sphericity. Post-hoc t-statistics were performed by Fisher LSD tests.
Results
Behavioural Results
Adaptation to a female face resulted in a strong perceptual aftereffect (Fig. 2a ). In the Face adapted conditions test faces were perceived more masculine as compared with the Control condition [F (1,156) = 16.67, P = 0.00007], where a Fourier randomized female face image was used as an adaptor. However, the effects of facial adaptation appeared highly categoryspecific, since adaptation to faces did not affect the gender judgements of human hand test stimuli [main effect of adaptation:
We also tested whether adaptation to a human female hand could bias the perceived gender of the subsequently presented test hand stimulus. As it can be seen in Figure 2b , adaptation to a female hand resulted in a strong perceptual aftereffect: the test hand stimuli were perceived as more masculine, as compared with the Control condition [F (1,156) = 16.97, P = 0.00006]. The effects of adaptation to human handssimilarly to the facial adaptation effects -were categoryspecific. No adaptation effects were found in the crosscategory conditions, where following adaptation to a hand stimulus participants performed a face gender discrimination task [F (1,156) = 2.1, P = 0.15].
We also tested whether the hand aftereffects we found in our main experiment are invariant to changes in the size or orientation of the test hand stimuli compared with that of the adaptor hand image. For this we slightly modified our hand adaptation paradigm. In the conditions used to test for size invariance, within the same block 50% of the test hand images matched the size of the adaptor image whereas the area of the other half of the test images was 2.5 times larger than the adaptor hand. In the condition designed to test the orientation specificity of the adaptation effects, observers were tested with blocks, containing test hands that matched the orientation of the adaptor (upright) and test hands that were rotated by 90°in the frontal plane. The adaptor image in both conditionstesting for size as well as orientation invariance -was a male hand (as opposed to the main experiment, where female hand was used as an adaptor). Our results clearly show that the adaptation effect was significant in both conditions [main effects of adaptation for size and rotation: F (1,368) = 55.9, P = 0.00001, F (1,304) = 13.3, P = 0.0003, respectively, Fig. 3 ], meaning that test hands were judged more feminine as a result of adaptation to a male hand. Moreover, the adaptation effect generalized across both size and orientation changes [as suggested by the non-significant interaction of adaptation with size and rotation: F (1,368) = 0.4, P = 0.54 and F (1,304) = 0.97, P = 0.33 for adaptator-size and adaptatorrotation, respectively, Fig. 3 ]. Interestingly, size had a main effect on the observer's gender judgements [F (1,368) = 353.1, P = 0.0001], but this effect was independent of the adaptation, i.e. it was present both in the hand-adapted as well as in the control conditions. Namely, the same hand images were judged more masculine when their size was increased, independently of presence or absence of adaptation.
Thus, the main findings of our behavioural experiments can be summarized as follows. Adaptation to both faces and human hands results in strong category-specific perceptual aftereffects. The judgements about the gender of the face and hand test stimuli were biased towards more masculine following adaptation to female faces or hands, respectively. We also have shown that the newly described hand aftereffects are robust to changes in hand size or orientation, suggesting that these aftereffects arise from the adaptation of the higher-level shape-specific mechanisms of object.
ERP Correlates of Facial Adaptation
Face test stimuli evoked an ERP with clearly identifiable P100 (measured in the time segment 90--120 ms) and N170 components (measured in the time segment 140--200 ms) from O1, O2 and P7, P8 electrodes (Fig. 4a) as well as VPP from Cz electrode in all conditions. Amplitude N170 showed a significant main effect of adaptation [F (1,12) = 24.1, P = 0.0004] due to the N170 amplitudes in the Control conditions being larger than those in the Face adapted condition for each electrode and hemisphere on the post hoc contrasts (P < 0.05 for all comparisons, Fig. 5a ). No overall effect of hemisphere was found for N170 amplitude, while it was smaller for occipital than parietal electrodes [F (1,12) = 4.55, P < 0.05]. The adaptation effects on N170 amplitude were significantly larger on the right side [adaptation by hemisphere interaction: F (1,12) = 5.7, P = 0.03]. Although there was no significant interaction of adaptation by electrode and hemisphere, post hoc tests revealed that the adaptation effects are larger on the parietal (P < 0.000007 for both hemispheres) than on the occipital electrodes (P < 0.003).
Facial adaptation also decreased significantly the amplitude of VPP [F (1,10) = 7.5, P = 0.02], measured at Cz. P100 showed a significant main effect of adaptation [F (1,11) = 11.115, P = 0.007] as well, due to the P100 amplitudes in the Face adapted conditions being larger than in the Control conditions (Fig. 5b) . This effect was larger over the right hemisphere [significant interaction of hemisphere by adaptation: F (1,11) = 5.57, P = 0.038].
Latency
Facial adaptation caused a significant delay of the N170 component, reflected in the main effect of adaptation [ Fig. 5c ; F (1,11) = 8.3, P = 0.015]. However, although significant for both parietal and occipital electrodes, this effect was larger on the parietal sites, reflected in the significant interaction of electrode by adaptation [F (1,11) = 6.3, P = 0.028]. The latency of VPP was also significantly longer in the Face adapted relative to the Control condition [F (1,11) = 6.0, P = 0.03]. P100 latencies were longer in the Face adapted than in the Control condition [ Fig. 5d ; F (1,11) = 11.0, P = 0.007] as well.
ERP Correlates of Adaptation to Human Hands
Control Condition
Similarly to faces, human hand test stimuli evoked an ERP with clearly identifiable P100 and N170 components from O1, O2 and P7, P8 electrodes (Fig. 4a) as well as VPP from Cz electrode in all conditions. Comparison of the N170 components to hands and faces revealed that in the Control condition face test stimuli evoked a N170 with significantly larger amplitude than hand test stimuli on P8 (post-hoc, P = 0.00002) and significantly smaller N170 on occipital sites ( Fig. 4 ; P = 0.000003 and P < 0.05 for left and right, respectively). The amplitude of VPP was Figure 4 . Grand average ERPs displayed between ÿ200 and 600 ms at medio-frontal (Cz) and occipito-parietal (P7, P8) sites for the face (upper blocks) and hand stimuli (lower blocks) in the Control (black), Face (dark gray) and Hand adapted conditions (light gray).
not significantly different for faces and hands [F (1,12) = 2.9, P = 0.11]. When the P100 component is considered, hand test stimuli evoked significantly larger amplitudes than face stimuli in the Control condition [F (1,11) = 7.38, P = 0.02]. The latency of the P100, N170 and VPP components were not different for faces and hands in the Control condition.
Amplitude N170 showed a significant main effect of adaptation for hand test stimuli [ Fig. 6a; F (1,10) = 18.4, P = 0.0016] due to the N170 amplitudes being larger in the Control conditions than those in the Hand adapted condition for each electrode and hemisphere on the post hoc contrasts (P < 0.01 for all comparisons). Just like in the case of Face adapted condition, the effect of adaptation on N170 was significantly larger on the right side for Hand as well [adaptation by hemisphere interaction: F (1,10) = 5.15, P = 0.047]. Adaptation and electrode interaction also reached significance, suggesting that adaptation effects in the Hand condition are larger on the occipital electrodes than on parietal ones [F (1,10) = 5.7, P = 0.04]. Adaptation to human hands also decreased significantly the amplitude of VPP obtained for the hand test stimuli [F (1,10) = 34.1, P = 0.0002], measured at Cz. The amplitude of the P100 component evoked by the hand test stimuli was not different in the Hand adapted condition from that measured in the Control condition [ Fig. 6b ; F (1,11) = 2.97, P = 0.112].
Latency
Adaptation to a human hand caused a significant delay of the N170 component evoked by the subsequently presented hand test stimulus [ Fig. 6c , reflected in the main effect of adaptation: F (1,11) = 7.1, P = 0.022]. Adaptation effect for Hand was larger on the parietal sites, reflected in the significant interaction of electrode by adaptation [F (1,11) = 8.67, P = 0.01]. The latency of VPP was also significantly longer in the Hand adapted than in the Control condition [F (1,11) = 5.89, P = 0.03].
P100 latencies were longer in the Hand adapted condition than in the Control as well [ Fig. 6d ; F (1,11) = 12.11, P = 0.0055] and this increase in latency was larger for parietal than for occipital electrodes [electrode by adaptation interaction effect: F (1,11) = 7.5, P = 0.02)].
ERP Correlates of Cross-category Adaptation Effects
The ERP results are in accordance with our behavioural findings, showing no cross-category adaptation effects. Adaptation with a human hand did not affect the ERP responses to the test face stimulus. N170, VPP (Fig. 7a ) and P100 amplitudes (Fig. 7b) , obtained in the conditions of Hand adapted face test stimuli were not different from those obtained in the Control condition with face test stimuli [F (1,11) = 2.27, P = 0.159 for N170, F (1,11) = 0.86, P = 0.37 for VPP and F (1,11) = 0.48, P = 0.504 for P100].
Similarly, adaptation to Face did not affect the N170 and VPP amplitudes evoked by the test hand stimuli [ Fig. 7c; F (1,11) = 2.24, P = 0.16 for N170 and F (1,11) = 2.99, P = 0.011 for VPP]. There was only one significant cross-category effect in the Face adaptor and hand test condition: the amplitude of P100 was significantly larger than in the Control condition [ Fig. 7d ; F (1,11) = 13.3, P = 0.004].
N170, VPP and P100 latencies were not different for Hand adapted face and Face adapted hand conditions when compared with Control adapted conditions [ Fig. 8a--d; F (1,11) > 0.3, P > 0.3 for all conditions].
Discussion
Our results show that adaptation to a female face has a strong effect both on the perceived gender of subsequently presented test face stimulus as well as on the ERP responses it evokes. It is the N170 component of the ERP responses that showed the most pronounced modulation by adaptation: its amplitude was strongly reduced whereas its latency was strongly increased. We also found that visual adaptation to a human hand stimulus can lead to a strong perceptual aftereffect, similar to that found in the case of faces. The perceived gender of test hands is shifted away from the adaptor hand's gender. We also showed that hand aftereffects are to a large extent size and orientation invariant, implying that the hand aftereffects cannot be explained by a combination of local adaptation to low-level visual features. The effects of adaptation to human hands on the ERP responses were also very similar to the neural effects of facial adaptation: reduced amplitude and increased latency of the N170. Importantly, adaptation both at the perceptual and at the neural level was category-specific, since cross-category adaptation had no effect on the behavioural responses to the test stimuli or on the N170 they evoked. In addition to the N170, we also found significant adaptation effects on the P100 component of the ERP responses. Similarly to the case of N170, within-category, but not cross-category adaptation resulted in a significant increase of the P100 latency. The amplitude of P100, however, was modulated by adaptation differently from what was found in the case of N170. P100 amplitude was slightly increased by adaptation in those conditions where the adapting stimuli were faces. Taken together, we suggest that the adaptation-induced modulation of the N170 ERP components might be regarded as a primary correlate of the shape-selective visual adaptation in humans.
Shape-selective Aftereffects: Faces and Body Parts
Our findings that test hand images were judged more masculine or feminine as a result of adaptation to a female or a male hand, respectively, provides evidence for aftereffects induced by adaptation to human body parts. Although, Kohler and Wallach (1944) have reported that they could observe figural aftereffects after 'inspection of any specific entity in the visual field', including human hands, the present study represents the first systematic investigation of the shape-selective adaptation mechanisms involved in the processing of human body parts. The existence of hand adaptation entailed an important question: what are the stages of visual processing where neural adaptation leading to hand aftereffects could take place. It has been shown that facial aftereffects generalize across differences in the size (Zhao and Chubb, 2001; Rhodes et al., 2004) , retinal position (Leopold et al., 2001 ) and orientation (Rhodes et al., 2003) of faces, suggesting that the underlying neural adaptation takes place at the higher stages of face processing. We have shown that the newly described hand aftereffects are also robust to changes in hand size or orientation, implying that these aftereffects arise from the adaptation of the higher-level, non-retinotopic shape-specific mechanisms of object coding and cannot be based solely on combination of adaptation to lowlevel features.
To explain how adaptation can bias the perceived gender of face and hand stimuli would require that we understand: on the one side, what are the cues, what is the information -specific features or feature configurations -present in face and hand images that are used by humans to determine gender; and on the other side, which of these cues are affected by adaptation. As for the cues that observers might relay on during gender judgement, in the case of faces, recent studies suggest that the region of the eyes and their second order relationships might be of primarily importance (Smith et al., 2004) . In the case of hands, the question of relevant cues during hand gender judgements has not yet been investigated directly before. The results of the present study suggest that size might be one of the features, which is taken into account when the gender of a hand is determined; it was found that the same hand images were judged more masculine when their size was increased. However, our finding also clearly shows that gender judgement is based on more than one cue, since even though the size of the hands itself has a strong affect on gender judgement, adaptationinduced bias of the perceived gender was to a large extent size invariant. This suggests that adaptation affected the processing of those complex hand features, relevant for gender judgement, which are coded at the higher-level stages of object processing where neurons are already size-invariant. It is a challenge for further studies to determine the specific processing mechanisms that are modulated by shape-selective adaptation and the way they affect human judgements about different properties of visual objects.
Another important behavioural result of the present study is that -in sharp contrast to our within-category adaptation experiments -we found no adaptation effects in the crosscategory experiments. Adapting to faces did not affect the perception of the subsequently presented hand test stimulus and similarly, hand adaptors did not bias the perception of the face test. These results appear interesting in the light of the fact that the task that the observers performed during testing both in the case of face and hand stimuli was identical, namely gender discrimination. Recently, Fang and He (2005) reported analogue results in a viewpoint discrimination paradigm: viewpoint aftereffects showed no cross-adaptation between object categories such as faces, cars and wire-like objects. The lack of the cross-category adaptation effects thus suggest that adaptation takes place at the level of sensory processing of the specific shape information associated with these two different visual categories and excludes the possibility that adaptation effects are due to an adaptation-induced bias in the information extraction strategy or at the stage of decision making.
Adaptation Effects on the P100
Based on recent findings it appears that P100 may reflect more than simply the processing of low-level visual features. Relevant to the present study, recently it was found that P100 shows some sensitivity to specific manipulations of visual faces -e.g. face inversion -and it was suggested that it might reflect the holistic processing of a face as a face (Itier and Taylor, 2004a ; but see Rossion et al., 1999 Rossion et al., , 2000 for conflicting results). We found two main effects of adaptation on P100. First, consistently with the behavioural data, only within-category but not crosscategory adaptation leads to an increase of the P100 latency. Adaptation-induced response latency increase has been shown previously for motion adaptation by recording visual evoked potentials in humans (Hoffman et al., 2001) . Thus, the fact that adaptation effects on the P100 latency were category-specific is in accordance with the previous findings suggesting that the P100, in addition to the early visual analyses (Gomez et al., 1994 , Heinze et al., 1994 , to some extent also reflects shape-selective neural processing and indicates that its latency might be sensitive to the state of adaptation at these higher processing stages.
We found another adaptation effect on P100: in the conditions with face adaptors -but not with hand adaptors -the amplitude of the P100 evoked by the subsequent test stimulus was larger than that in the control conditions. This adaptationinduced P100 amplitude enhancement, however, was not category specific, since it was present both in the case of face and hand test stimuli. Further studies are needed to uncover the origin of this effect.
Shape-selective Adaptation Effects on the N170 N170 is a negative ERP component peaking at~140--200 ms over the lateral occipito-temporo-parietal regions, which is believed to reflect the structural encoding of facial features. Although, other non-face objects can also evoke a negative ERP component with similar delay, the amplitude of the N170 is larger and its latency is shorter for faces as compared with other objects (Rossion et al., 1999; Itier and Taylor, 2004a,b) . The selectivity of N170 for faces is strongly supported by recent studies where analyses of scalp topographies of N170 evoked by faces and non-face object categories revealed an extra map for the face N170 in the lateral temporal cortex which was not present in the case of N170 to objects (Itier and Taylor, 2004a) .
The ERP results of our control conditions are consistent with previous findings. Face test stimuli -when presented following adaptation to Fourier-randomized face images -evoked strong N170 over both hemispheres, the amplitude of which was larger over the right hemisphere than over the left. The human hand test stimuli also evoked bilateral N170 and similarly to faces the N170 over the right hemisphere was larger than that over the left. The amplitude of N170 for faces at the right parietotemporal electrode (P8) was significantly larger than the N170 for hands at the same site, which is in accordance with the results of numerous fMRI (for review, see Haxby et al., 2000) , as well as ERP studies (Itier and Taylor, 2004a; Rousselet et al., 2004) showing that face-specific neural responses are more pronounced in the right hemisphere than in the left. At the occipital electrodes (both O1 and O2), however, the N170s for hands were significantly larger than those for faces. As an explanation for the larger N170 for hands than for faces at the occipital electrodes, one could speculate that hands might have evoked stronger responses in the early visual cortical areas than faces. In fact, the average luminance of hand stimuli was slightly higher than that of the face stimuli (see Materials and Methods), and hand stimuli contained more figure/background contour information than faces, which might lead to a stronger activation at the early stages of visual processing. This possibility is supported by our findings that the amplitude of P100 evoked by the hand test stimuli was significantly larger than that evoked by face test stimuli. The stronger responses to hands than to faces at the early cortical areas could, in turn, affect the occipital N170 component, rendering its amplitude larger in the case of hand tests compared with that for face tests.
Within-category adaptation -face adaptor followed by face test and hand adaptor followed by hand test -resulted in strong reduction of the N170 and VPP amplitudes and increase in their latency at all analyzed electrodes (O1, O2, P7, P8, Cz), in the case of both faces and hands. These adaptation effects on N170 are in agreement with the previous ERP results on visual adaptation (Hoffmann et al., 2001 ) as well as the neuroimaging studies using the fMRI adaptation paradigm in humans (for review, see Henson, 2003) , showing decreased and delayed neural responses as a result of adaptation. Importantly, N170 adaptation effects, in accordance with our behavioural results, are category-specific, since cross-category adaptation (face adaptor followed by hand test and vice versa) had no effect on the N170 -either on its amplitude or on its latency. These results suggest that N170 reflects mechanisms of shape-selective adaptation acting at the higher-level stages of object processing.
Although the precise source of N170 is not known, previous studies analyzing the scalp topography of the N170 generators indicate that its main source is located in the lateral occipitotemporal cortex (Itier and Taylor, 2004b) . This is in accordance with previous findings showing that specific regions of the lateral temporal cortex are involved in the processing of facial information: intracranial electrophysiological recordings suggested the involvement of the middle temporal gyri (Allison et al., 1999) , whereas neuroimaging studies have identified a face-responsive region in the superior temporal sulci (STS; for review, see Haxby et al., 2000) . In particular, it was suggested that lateral temporal cortex is primarily involved in the processing of the changing facial features conveying physiognomic information (say facial expressions, or information about gender or age) rather than analyzing facial identity (Allison et al., 2000; Haxby et al., 2000) . Moreover, recently, visual processing of the information about human body parts was also attributed to a specific region of the lateral occipito-temporal cortex, the so-called extrastriate body area (EBA; Downing et al., 2001) . Using fMRI, it was reported that EBA is selectively activated when static images of different non-facial parts of the human body are viewed. Importantly, there was no overlap between the region in the STS activated by faces and the EBA (Downing et al., 2001) . Thus, based on the above results, it is reasonable to suppose that N170 both for faces and for hands might originate from the lateral occipito-temporal cortex but from different neural populations, located in the STS and EBA, respectively. Accordingly, the failure to find any cross-category adaptation in the present study would suggest that N170 adaptation effects reflect shape-selective adaptation mechanisms acting in STS in the case of face tests and in EBA in the case of hands.
The analyses of the adaptation effects on ERP responses thus points to the conclusion that N170 might be regarded as the primary correlate of the neural adaptation at the higher-level shape-selective stages of visual processing. However, an important requirement for this conclusion is that the adaptation effects found on N170 should originate from the stage of neural processing where N170 is generated; additionally, the possibility that the modulation of N170 amplitude is due to the fact that the input from earlier processing stages is changed as a result of adaptation should be excluded. In the case of adaptation effects on N170 amplitude, this requirement appears to be fulfilled, since no other ERP components, measured over the occipitoparieto-temporal cortical areas, showed shape-selective modulation by adaptation. However, in the case of modulation of response latencies by adaptation, we found significant categoryspecific adaptation effects already on the earlier, P100 component of the ERP responses, in addition to the N170. Therefore, one might suppose that the adaptation effects on N170 latency are not due to the plastic changes at the processing stages where N170 is generated but rather are the consequence of adaptation processes acting at earlier levels of visual processing, which are reflected in the P100 component. However, this possibility seems unlikely, since it would predict a high correlation between the magnitude of adaptation effects on the P100 latency and those on the N170 latency, which is not supported by our results. In fact, we found that the adaptation-induced increase of the N170 latency does not correlate with that of the P100 latency, suggesting that adaptation effects on N170 are due to the adaptation mechanisms acting at the processing stages where N170 is generated.
The results of previous studies testing for the effect of stimulus repetition on N170 suggest that short adaptation has moderate or no effect on N170. In some studies N170 was found to be insensitive to short facial adaptation ( <1 s), i.e. repeated presentation of the same face (Schweinberger et al., 1995 (Schweinberger et al., , 2002a Henson et al., 2003; Werheid et al., 2004) , whereas in other studies it was shown that repetition has a weak affect on N170 (Campanella et al., 2002; Itier and Taylor, 2002) . These results, taken together with our finding that long-term adaptation ( >1 s) strongly affects both the amplitude and the latency of N170, are in agreement with the behavioural results showing that the strength of the facial aftereffects depends on the duration of the adaptation -and it is absent when the adaptation period is <1 s (Leopold et al., 2001) . Thus, the apparent similarity between the adaptation effects on N170 and those found at the behavioural level (Leopold et al., 2001) in their sensitivity to adaptation duration further supports our conclusion that N170 might be regarded as the primary ERP correlate of the mechanisms of shape-selective neural adaptation leading to perceptual aftereffects.
Finally, the lack of cross-category adaptation effects, both at the perceptual level and the neural level, supports the theory of modular, domain specific processing of faces and other objects (Kanwisher, 2000; Downing et al., 2001; Yovel and Kanwisher, 2004; Peelen and Downing, 2005) . This theory postulates that processing of faces and human body parts, including hands, takes place on separate, specialized networks of the ventrolateral temporal cortex. However, it should be noted that there might be an alternative account for our results based on a different view, which assumes that object processing is not domain specific. According to this theory the processing of different object categories might involve different mechanisms depending on how familiar is a given object category and whether we are experts in identifying specific prototypes of this category (Gauthier et al., 1999 . It is assumed that the processing of objects that we have less experience with is based on their structural information whereas the processing of those objects that we developed expertise for -i.e. faces, which are abundant in our visual environment and are of high socio-psychological relevance -is more holistic and based on configural information. As a result of this changed processing, face-like ERP responses are evoked by non-face stimuli as well (Rossion et al., 2002 (Rossion et al., , 2004 . Thus, according to this view, a possible explanation for the lack of cross-category adaptation effects in our experiments is that humans have more expertise in analyzing and identifying faces than hands. Our behavioural results, in fact, provide some support for the difference in the expertise for determining specific characteristics based on faces and hands, since observers' gender judgements were more accurate in the case of faces than in the case of hands. However, it remains to be directly tested whether the explanation based on the difference in expertise for faces and hands can indeed account for the category-specificity of the adaptation effects found in the present study. For this, observers should be trained on the hand gender categorization task to make performance comparable to that in the case of faces. This would serve as a critical test of expertise versus domain-specific processing explanations.
Notes
